Introduction

26
Organic matter in the raw water supply is the primary precursor of disinfection 27 byproducts (DBPs) in finished drinking water. The main organic DBP groups of concern 28 include trihalomethanes (THMs) and haloacetic acids (HAAs) (Singer, 1999; Xie, 2004) . It 29 has been found that THMs, some HAA species such as dichloroacetic acid (DCAA), and 30 other chlorinated DBPs are carcinogenic, mutagenic, and teratogenic (Bull, 1993; Koivusalo 31 et al., 1997; Waller et al., 1998; Xie, 2004) . Natural organic matter (NOM) is the major 32 reservoir of organic DBP precursors in surface water (Singer, 1999; Chang et al., 2001; Hua 33 and Reckhow, 2007) . Numerous studies have been conducted on the characteristics, reactivity, 34 and DBP yield of NOM following water chlorination (Singer, 1999; Xie, 2004) . 35 Due to the worldwide decline of water resources, treated wastewater now represents a 36 growing portion of the water supply. Many surface water bodies, such as rivers, lakes, and 37 reservoirs, are used for both the disposal of treated wastewater and the withdrawal of fresh 38 water for human consumption. The regulations for wastewater disposal were generally 39 developed to protect the quality of the receiving waters and people using such waters for 40 recreational purposes. However, there is limited information about the DBP precursors arising 41 from wastewater discharge. Organic matter in wastewater effluent is likely to contribute to 3 receiving water under natural conditions. During the biotransformation process, wastewater 48 organics are expected to change in terms of their reactivity with chlorine and their DBP 49 formation characteristics (Chang et al., 2001; Chen et al., 2009) . In this experimental study, 50 wastewater organics were characterized for their DBP formation potential (DBPFP) and the 51 resulting DBP speciation in chlorinated water. The process of biological organic degradation 52 was conducted under laboratory conditions, and several model organics, including 53 carbohydrates, proteins, humic acid, tannic acid, and glycine, were used to simulate organic 54 pollutants. The aims of the study were to determine the DBPFP of different types of organic 55 substances in wastewater and the resulting DBP species, and to investigate the changes in the 56 DBP formation behavior of different wastewater organics during the biodegradation process. 
Materials and Methods
60
Wastewater samples
61
Wastewater samples of raw sewage and secondary effluent were collected from a 62 full-scale municipal biological sewage treatment plant (Stanley Sewage Treatment Works, 63 Hong Kong). The activated sludge process was adopted in the treatment system, which had a The speciation of the DBPs formed also varied among the model organics ( were predominant, followed by CF and CH at similar levels of abundance, and then N-DBPs.
196
As for the raw wastewater and its secondary effluent, the DBP speciation profiles were 197 similar and the chlorinated DBPs formed were both dominated by CF, followed by HAAs and gradually to 897 µg L -1 after the biodegradation (Fig. 2c) . However, the mass-based DBPFP 216 yield of the wastewater organic increased from 37 to 81 µg mg -1 DOC (Fig. 2d ). The increase 217 in DBPFP yield indicates that the organic residues after biodegradation had a higher DBP 218 formation reactivity with chlorine. The DBP speciation of the wastewater influent was 219 dominated by CF, followed by HAAs and CH, throughout the biodegradation process (Fig. 220 2e).
221
For the wastewater effluent, its DOC decreased mainly in the first day of biodegradation 222 and showed no further degradation afterward (Fig. 2a) . The UV 254 value also decreased only 223 at the beginning of the biodegradation incubation (Fig. 2b) . Compared to the wastewater 224 influent, the organic in the secondary effluent was much more refractory to biodegradation.
225
The total DBPFP of the effluent decreased from 627 to 495 µg L -1 after the biodegradation 226 ( Fig. 2c) , whereas the DBPFP yield of the residual organic increased from 47 to 82 µg mg -1 227 DOC (Fig. 2d) . Similar to the influent results, DBPFP speciation of the secondary effluent 228 was dominated by CF and then HAAs and CH (Fig. 2f) . Chen et al. (2009) considerably during the biodegradation process (Fig. 4) . The DBPFP of the glucose solutions during drinking water treatment. In the present study, the final DBPFP yields of the organic 288 residues increased greatly from an initial value of less than 1 µg mg -1 DOC to 87 and 38 µg mg -1 DOC for the glucose and starch solutions, respectively (Fig. 4) . substances in the humic and tannic acid solutions (Fig. 6a) .
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